Purpose: We investigated correlations between the findings of oral examinations and panoramic radiography in order to determine the efficacy of using panoramic radiographs in screening examinations. Methods: This study included patients who visited dental clinics at National Health Insurance Service (NHIS) Ilsan Hospital for checkups during 2009-2015 and underwent panoramic radiographic examinations within 1 year prior to the oral examinations. Among the 48,006 patients who received checkups, 1,091 were included in this study. The data were evaluated using the Cohen kappa and interrater agreement coefficients. Accuracy, sensitivity, and specificity were calculated using data from the panoramic radiographs as true positive diagnoses. Results: The interrater agreement coefficient for occlusal caries was 28.8%, and the Cohen kappa coefficient was 0.043 between the oral and panoramic radiographic examinations. Root caries and subgingival calculus were only found on the radiographs, while gingival inflammation was found only by the oral examinations. The oral examinations had a specificity for detecting occlusal dental caries of 100%, while their sensitivity for proximal dental caries and supragingival calculus was extremely low (14.0% and 18.3%, respectively) compared to the panoramic radiographic examinations. The oral examinations showed a relatively low sensitivity of 66.2% and a specificity of 43.7% in detecting tooth loss compared with panoramic radiography. Conclusions: Panoramic radiography can provide information that is difficult to obtain in oral examinations, such as root caries, furcation involvement, and subgingival calculus, which are factors that can directly affect the survival rate of teeth. It therefore seems reasonable and necessary to add panoramic radiography to large-scale health checkup programs such as that provided by the NHIS.
INTRODUCTION
Many people are not aware of the condition of their oral cavity because they do not receive regular dental checkups, which can be due to a busy working life or, in some cases, dental phobia. This situation can result in periodontal or other dental diseases worsening with time [1] [2] [3] .
The Korean National Health Insurance Service (NHIS) provides health checkups with the aim of disease prevention and early detection in order to prevent its further advancement. The NHIS was initiated to improve public health and promote social security by paying insurance benefits in 1963, and implemented medical insurance for workplaces with at least 500 workers in 1977. The national health checkups consist of general checkups, lifetime transition period health checkups, cancer checkups, and baby and infant health checkups. A general checkup is provided biannually to employee subscribers and their dependents, as well as regional insurance subscribers and their dependents, and it is fully paid for by corporations. The checkup includes an interview examination and posture test, a chest X-ray, a blood test, a urine test, and an oral checkup. The oral examination is performed through a visual inspection and questionnaires. However, a radiographic examination is not included, which can prevent precise diagnoses. In particular, detecting certain dental issues, such as bone resorption and secondary caries, is very difficult through an oral examination.
Dental panoramic radiography was developed by Y.V. Paatero in 1945 and remains in widespread use for dental diagnoses [4] . The Food and Drug Administration published guidelines in 2012 for radiological examinations in dentistry [5] . Given the desirability of low doses of dental irradiation, panoramic radiography is suitable for general oral examinations [6] . Early panoramic radiographs were not sufficiently accurate to replace standard X-rays, but the spatial resolution of panoramic radiographs has improved recently, making them effective for detecting various dental diseases such as periodontitis, dental caries, and temporomandibular joint disorder [7] [8] [9] . It is now recommended that panoramic radiographs be obtained every 18 to 36 months in patients who visit dental clinics for regular checkups [10] .
Shin et al. [11] reported that panoramic radiographs increased the diagnosis rates of dental caries and periodontal disease by 23.1% and 31.9%, respectively. In addition, Ha et al. [12] reported that panoramic radiography was cost-effective for periodontal disease screening in adults aged 40 years in Korea. Nonetheless, there is still insufficient evidence and reports on the efficacy of using panoramic radiography in large-scale oral examination programs.
The aim of this study was to compare panoramic radiography with oral examinations and to determine the efficacy of combining panoramic radiographs with the oral examinations performed for NHIS health checkups. 
MATERIALS AND METHODS

Setting and the study group
Research data -measurements
Oral examinations were carried out randomly by dentists who had graduated from dental colleges and had become licensed within the previous 1 year. These examinations formed part of their routine national examinations. Dental caries (including proximal caries and caries-associated conditions such as tooth restoration and lost teeth), the presence of gingival inflammation, and the presence of calculus were detected in the examinations.
Panoramic radiographs were obtained by a radiologist (Orthopantomograph ® OP100 D, General Electric Company, Helsinki, Finland) and interpreted by dentists who had graduated from dental colleges and had become licensed within the previous 1 year. Dental caries (divided into root, proximal, and occlusal), the presence or absence of calculus (divided into supragingival and subgingival), loss of teeth, furcation involvement, and maximum bone loss height were examined. This study was approved by the ethics committee of NHIS Ilsan Hospital (IRB No. 2016-03-010).
Statistical analysis
Data were evaluated using SAS software (SAS version 9.2, SAS Institute Inc., Cary, NC, USA). Interrater reliability was evaluated using the interrater agreement coefficient and the Cohen kappa coefficient. The interrater agreement coefficient was calculated using the intra-class correlation coefficient between data obtained by oral examinations and by radiographic Possibility of dental treatment after receiving oral examination Excluded 
Diagnosis and radiography time NHIS checkup
Within year Within year analysis. The Cohen kappa coefficient accounts for the random-chance occurrence of interrater agreement and was calculated using the following equation:
Where P A is the relative observed agreement between measurements obtained by oral examinations and by radiographic analysis and P C is the hypothetical probability of chance agreement.
Accuracy, sensitivity, and specificity were calculated using the data from the panoramic radiographs as true positive diagnoses. Several additional concepts are commonly used as part of the description of sensitivity, specificity, and accuracy: true positive (TP), true negative (TN), false negative (FN), and false positive (FP).
Sensitivity, specificity and accuracy are described in terms of TP, TN, FN, and FP. 
RESULTS
Composition of the study group
The patients included in this study comprised 449 (41.2%) males and 642 (58.8%) females. Their mean age was 56.8 years (range, 23-94 years), and those aged in their 60s constituted the largest proportion by decade (28.6%). (Table 1) .
Results of oral examination via panoramic radiography
The findings of the oral examinations and panoramic radiography are presented in Table 2 . Occlusal caries were detected in 14.4% of oral examinations, but only on 7.6% of the panoramic radiographs. The coefficient for the interrater agreement between these 2 types of examination was only 28.8%, and the Cohen kappa coefficient was 0.043. Proximal caries were found in 12.4% of oral examinations, but only on 9.2% of the radiographs. coefficient was higher in this case, at 31.9%. However, the Cohen kappa coefficient was negative (−0.34), indicating the absence of any correlation. Root caries were found in 14.1% of the subjects on the panoramic radiographs, but were not found in the oral examinations. Gingival inflammation was found in 21.3% of the oral examinations, but the degree of gingival inflammation could not be detected radiographically. The Cohen kappa coefficient was negative (−0.026), also indicating the absence of any correlation. Supragingival calculus was evident in 19.7% of oral examinations and on 16.6% of the radiographs. The concordance rate was high (63.7%), but the kappa value indicated only slight agreement (0.022). However, subgingival calculus was not found in the oral examinations, while it was found on 18.4% of the panoramic radiographs, which was higher than the rate of supragingival calculus. Panoramic radiography revealed that 59.2% of the study group had lost teeth, while the oral examinations showed that 39.0% of the study group had lost teeth. The agreement rate was low, at 25%. Finally, the marginal bone loss rate was 64.1% and the furcation involvement rate was 38.4%.
Accuracy, sensitivity, and specificity of oral examinations based on panoramic radiography
The accuracy, sensitivity, and specificity of oral examinations were evaluated based on the findings of panoramic radiography (Table 3 ). The probability of finding occlusal dental caries in an oral examination was only 48.2%. If no dental caries were found, the probability of there actually being no caries at the time of the oral examination was 100%. However, in the case of suspected proximal dental caries, the probability of finding the caries in the presence of actual dental caries was only 14.0%, and the probability of having no caries was 89.2%. This suggests that the probability of diagnosing dental caries suspected in an oral examination is actually very low. The accuracy was 84.4% for occlusal dental caries and 82.5% for proximal dental caries. The probability of discriminating the presence of calculus was only 18.3%, while the specificity was 83.7%. The sensitivity for periodontal disease was very low, while the specificity was very high.
https://doi.org/10.5051/jpis.2018.48.5.317
Panoramic radiography for diagnosis in screening
https://jpis.org 321 
DISCUSSION
The oral examinations included in NHIS health checkups consist of questionnaires and visual inspections by dentists. However, some parts of the oral anatomy are covered with soft tissue, and it is easy to underestimate oral diseases such as periodontal disease [13] in their early stages. This means that visual inspections are insufficient for detecting various oral diseases that affect the subgingival tissue and are obscured by tooth enamel. It may therefore be helpful to obtain additional information using other diagnostic methods or tools.
The panoramic radiographs obtained in the present study provided information on periodontal disease, such as marginal bone loss and furcation involvement, that cannot be detected in visual inspections. The prevalence rates of marginal bone loss and furcation involvement were 62.0% and 37.1%, respectively, meaning that a large proportion of the subjects had a history of periodontitis or were currently affected by periodontitis.
Periodontal disease is defined as an inflammatory chronic disease caused by bacteria. The bacteria present in teeth and calculus irritate the gingiva, further destroying periodontal tissue and potentially progressing to periodontitis [14] . Therefore, plaque and dental calculus are the most common causes of periodontal disease as local factors. In particular, subgingival calculus in populations with poor hygiene can act as a bacterial reservoir and is associated with the loss of periodontal attachments [15] . In the present oral examinations, subgingival calculus was seen in 16.8% of patients, and panoramic radiographs showed it in 16.0%. However, the interrater-agreement coefficient was only 63.7%. Visual inspections have limitations in detecting subgingival calculus, which represents a critical drawback of the NHIS health checkups.
The number of patients diagnosed and treated for periodontitis in Korea is increasing by 16.7% annually, and 22% of the Korean population was treated for periodontitis covered by the NHIS in 2013 [16] . It is reasonable to assume that more patients may have undetected periodontal disease. Detecting subgingival calculus appears to help to reduce the prevalence of periodontal disease. However, supragingival dental calculus is mainly observed in oral examinations, whereas subgingival dental calculus is only detected on panoramic radiography; this difference means that the 2 methods can be used synergistically.
Gingival inflammation is easily detected in oral examinations, and it requires additional periodontal treatment. Therefore, the sensitivity and specificity are low compared with cases of periodontal disease that are suspected to involve alveolar bone resorption. If the inflammation is not evident on a panoramic radiograph, it can be expected to be gingivitis or mild periodontitis without any alveolar bone resorption. In other words, the presence of alveolar bone resorption on a panoramic radiograph needs to be followed up with further dental surveillance.
The prevalence rates of occlusal dental caries and proximal dental caries were 14.5% and 11.1% in the oral examinations performed in this study, while the corresponding rates on panoramic radiography were 7.4% and 8.9%. This difference occurred because occlusal dental caries are not evident on panoramic radiographs. However, the presence of proximal dental caries cannot be confirmed in a short oral examination. Proximal dental caries were present on panoramic radiographs in 9.2% of patients, and Table 2 indicates that the coefficient for the interrater agreement between the 2 methods was 0%. This means that the reliability of detecting proximal dental caries is very low. Dental caries appearing on https://doi.org/10.5051/jpis.2018.48.5.317
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The prevalence of root caries was 13.7% in the present study, which is similar to previously reported rates ranging from 11.9% to 28.0% [18] . Root caries are a major cause of tooth loss in older adults [19] and so the detection of root caries is important for maintaining oral health. The sensitivity of detecting dental caries via panoramic radiography is about 60%. Although oral examinations may be more effective for the early treatment of dental caries, panoramic radiography is more effective if the aim is to prevent tooth loss, since occlusal dental caries, proximal dental caries, and root caries can be detected.
This study also investigated the accuracy of oral examinations, using panoramic radiography with objective criteria as the reference. Some parts of panoramic radiographs can serve as appropriate criteria. Since panoramic radiography has low sensitivity but high specificity, a detected lesion will certainly exist, and in some cases the disease will show significant progression.
The oral examinations revealed that 37.8% of patients had missing teeth, compared to the finding of 60.0% when using panoramic radiography, and the interrater agreement coefficient was only 25.0%. It is challenging for a dentist to confirm clinical conditions such as molar impaction through a quick visual inspection [20] , and it is often difficult to make a precise diagnosis because of variables such as the third molar and supernumerary teeth [21] . Panoramic radiographs could be used as a reference in cases of missing teeth. The accuracy (52.2%), sensitivity (66.2%), and specificity (43.7%) of the oral examinations were all low, which confirms the difficulty of identifying missing teeth in an oral examination. In addition, because these statistics were based on the number of patients, sensitivity and specificity are expected to be lower when tested at the tooth level. Diagnosing tooth loss is the most important factor in oral reconstruction, and accurate information should be obtained. Panoramic radiographs act as a key reference for detecting tooth loss. Despite the limitations of this study (as described below), we were able to identify that oral examinations had insufficient sources of information, which could be a critical drawback of NHIS checkups. Since most oral examinations are performed in adults, prosthetic restorations for lost teeth must be accompanied by aesthetic and functional recovery. This situation provides a strong rationale for inspecting panoramic radiographs in health checkups.
Various types of information can be obtained through oral examinations, including determining whether patients are performing good oral hygiene management and whether they have had regular dental checkups. However, this information is used only to determine the most basic aspects of treatment. In contrast, panoramic radiography can detect lesions that may be directly related to tooth loss by detecting ongoing dental caries, subgingival dental calculus, and alveolar bone resorption [17, [22] [23] [24] , and it can also be used for prosthodontic planning. Thus, beyond the current level of determining the basic treatment needed, including panoramic radiography in the screening program may make it possible to increase the tooth survival rate in the short term and to reduce the cost of restorations or reconstruction of teeth such as implants and dentures in the long term [25] .
The first limitation of this study was its retrospective design. In addition, the study was conducted during 2009-2015 in dental clinics at NHIS Ilsan Hospital, and so the distribution https://doi.org/10.5051/jpis.2018.48.5.317
Panoramic radiography for diagnosis in screening https://jpis.org of the study cohort may have been limited to a small region. Another potential limitation is that the period between the panoramic radiography and oral examinations was up to 1 year, making it likely that the patients were also treated at other dental clinics; it is possible that diseases had progressed over this 1-year period. Finally, the quality of diagnoses performed by dentists using panoramic radiographs may have varied.
In conclusion, panoramic radiographs can provide information that is difficult to obtain from oral examinations, such as information about subgingival calculus, root caries, and furcation involvement, which are key factors for the tooth survival rate. Panoramic radiography can therefore be helpful for improving the screening of oral disease in NHIS health checkups.
